INTRODUCTION
============

Brugada syndrome (BrS) \[[@R1]\] is a genetically determined familial disease with autosomal dominant transmission and variable penetrance. More than 70 genetic mutations related to sodium channels have been described, with the SCN5A gene involved in 20% ​​of cases \[[@R2]\] BrS is highly prevalent in young men that die suddenly without apparent structural cardiac abnormalities, although the latter concept has recently been challenged \[[@R3]\]. Syncope or sudden death often occurs during rest or sleep, and is usually due to polymorphic ventricular tachycardia which leads to ventricular fibrillation.

Based on new data that have emerged since 2005, a group of experts on BrS has recently produced a consensus document outlining a number of new electrocardiographic (ECG) features to better identify the best ECG patterns (Br P) and allow its differential diagnosis from other ECG patterns which may also show ST elevation and/or r\'-wave in leads V1-V2. The new consensus document, published in September 2012 \[[@R4]\] contains a series of interesting novelties which are described below, and that help to perform the differential diagnosis between BrS, with special emphasis in type-2 Br P, and healthy athletes, pectus excavatum, arrhythmogenic right ventricular dysplasia and incomplete right bundle branch block (RBBB).

TYPE-1 BRUGADA PATTERN -- NEW DESCRIPTION DETAILS RECORDED IN THE RIGHT PRECORDIAL LEADS
========================================================================================

Type 1 Br P remains identical to that described in previous consensus documents \[[@R5]-[@R6]\], but with some new details that are helpful for its identification (Fig. **[1](#F1){ref-type="fig"}**):

• The high take-off or highest point of the QRS-ST is at least 2 mm high (Fig. **[2A](#F2){ref-type="fig"}**) in lead V1. In a few cases where this is less than 2 mm but greater than 1 mm \[[@R7]\], the pattern is only suggestive and not diagnostic of BrS.

• ST-segment morphology is described as concave (coved) (Fig. **[1B](#F1){ref-type="fig"}**) with respect to baseline but may be, in a few cases, rectilinear (Fig. **[1C](#F1){ref-type="fig"}**), followed in either case by negative symmetrical T-wave.

• ST-segment morphology shows progressive decline, so the high take-off of the QRS-ST is always higher than 40 msec later and this in turn is higher than after 80 msec. (Fig. **[1D](#F1){ref-type="fig"}**).

• ST-segment descent after the QRS peak is slow (less than 0.4 mV at 40 ms) \[[@R7]\] in contrast to that observed in patients with RBBB where the descent is more pronounced.

• The ratio between the peak height of QRS-ST/peak of ST-segment after 80 ms is greater than 1 in BrS and less than 1 in athletes according to the Corrado index \[[@R8]\]. This author considers that the J point coincides with the peak of QRS-ST. However this is not necessarily true in all cases (Fig. **[2](#F2){ref-type="fig"}**) \[[@R9]-[@R10]\]. Nevertheless this index is still valid for differential diagnosis.

• The duration of the QRS in leads V1-V2 is greater than in the middle and left precordial leads, although this is sometimes difficult to determine ("Mismatch concept").

• Type-1 Br P may be seen in a single lead, V1 or V2, but never exclusively in V3 \[[@R11]\].

• Complete RBBB and type-1 Br P are characterized by the presence of positive terminal deflections of the QRS and negative T-waves in leads V1-V2, respectively. However, unlike in BrS, ST-segment in RBBB is not elevated and is accompanied by an S-wave in leads I and V6, with a wider QRS (≥ 120 ms). By contrast, in BrS there is no wide S-wave in left precordial leads.

TYPE-2 BRUGADA PATTERN
======================

Given the minimal morphological differences between types-2 and 3 Br P as described in previous consensus documents \[[@R5]-[@R6]\] and the lack of impact on prognosis and risk stratification, the new type-2 ECG pattern definition includes both the old types-2 and 3 patterns (Figs. **[3](#F3){ref-type="fig"}**, **[4](#F4){ref-type="fig"}**):

• In type-2 Br P, a true r'-wave can be identified in leads V1-V2 at a height of 0.2 mV followed by ST-segment elevation ≥ 0.5 mm with respect to the isoelectric line, followed by T-wave usually in lead V2 with saddle back morphology. T-wave morphology in lead V1 is variable.

The consensus document also elaborates on differences in the r\'-wave seen in the ECG of patients with BrS as compared to those with incomplete RBBB, healthy athletes, arrhythmogenic right ventricular dysplasia and pectus excavatum:

• In BrS the r'-wave is broad, rounded and generally of low voltage, with a slow descent. In contrast, that of incomplete RBBB is pointed. The QRS duration in leads V1-V2 is the same as in lead V6 in incomplete RBBB, as occurs in athletes who may also present with this pattern, whereas in type- 2 Br P usually is longer in leads V1-V2 (Fig. **[4](#F4){ref-type="fig"}**) although often is difficult to determine.

• There are a couple of new measurements which may also help to quantify the difference in the r'-wave morphology:

a.  The alpha (α\> 50°, Sensitivity 71% and Specificity 79%) and beta angles (β\> 58°, Sensitivity 79 %, Specificity 83%) described by Chevallier \[[@R12]\] are greater in BrS than in incomplete RBBB (Fig. **[3](#F3){ref-type="fig"}**).

b.  The duration of the base of the triangle, of the r'-wave at 5mm of the high take-off ≥ 4mm is a good criterion for Br.S \[[@R13]\] and is much shorter in healthy athletes with incomplete RBBB (Fig. **[4](#F4){ref-type="fig"}**).

OTHER TYPE-1 AND TYPE-2 ECG CRITERIA
====================================

The consensus group has also identified other electrocardiographic alterations that may be observed in BrS:

\- Long QT in the right precordial leads \[[@R14]\].

\- Conduction disorders (longer PR and HV intervals and wider QRS complexes), which occur more frequently in carriers of SCN5A gene mutations \[[@R15]\], as well as in symptomatic patients \[[@R16]\].

\- The presence of atrial fibrillation (AF) or other supraventricular arrhythmias \[[@R17]\]. It has even been shown \[[@R18]\] that up to 5% of lone AF may also present a Br P. Additionally, new onset AF may be the first clinical manifestation of latent BrS

\- The presence of an early repolarization pattern in inferior leads \[[@R19]\].

\- The presence of fragmented QRS complexes \[[@R20]\].

\- T-wave alternans, which may be observed after administration of sodium channel blockers \[[@R21]\].

DIFFERENTIAL DIAGNOSIS WITH OTHER ENTITIES
==========================================

Differential diagnosis between Br P and other entities with ST-segment elevation may be difficult (Fig. **[5](#F5){ref-type="fig"}**), even for expert cardiologists. Other clinical entities whose ECG morphologies could be misdiagnosed as BrS are: Pectus excavatun, ARVD and early repolarization. Here we provide some quick clues to keep in mind:

1.. Isolated RBBB
-----------------

The r'-wave is followed by ST-segment depression below the isoelectric line and the r'-wave is narrow.

2.. Healthy Athletes
--------------------

The ECG of healthy athletes depicts a fast r'-wave. The ST-segment is usually not elevated in lead V1 with a Corrado index is ≤1 (see above).

3.. Pectus Excavatum
--------------------

The ECG pattern found in pectus excavatum \[[@R22]\] usually presents with a negative P-wave in lead V1 despite adequate position of the precordial electrodes. The r\'-wave in this lead is narrow, followed by a slight ST-segment elevation and the T-wave may be negative or positive/negative in lead V1 and positive in lead V2 (Fig. **[5A](#F5){ref-type="fig"}**). Some cases have been considered as Brugada phenocopies (see below).

4.. Arrhythmogenic Right Ventricular Dysplasia (ARVD)
-----------------------------------------------------

The ECG pattern of ARVD in leads V1-V2 is generally quite different from that observed in BrS \[[@R23]\]. In ARVD, atypical RBBB morphologies have been described with r'-wave plateau in lead V1 and the ST-segment usually not elevated. Occasionally, patients with BrS may depict an epsilon-like wave in lead V2 leading to confusion.

In ARVD, T-wave inversion in the precordial leads (V1 to V3-V5) is almost the rule. Although positive late potentials can also be found in BrS, the prevalence is much higher in ARVD \[[@R24]\] (Fig. **[5B](#F5){ref-type="fig"}**).

5.. Early Repolarization Pattern (ERP)
--------------------------------------

The ECG pattern of ERP is a common variant, usually benign but recently associated with sudden death in selected cases \[[@R25]\]. It is characterized by a J point elevation which manifests as slurring or notching at the QRS-ST junction followed by an upward concave ST-segment in at least two consecutive leads. It may be recorded in the inferior and/or middle-left precordial leads but not in the right precordial leads. It is therefore, very different from the Br P, but both entities can coexist \[[@R26]\].

OTHER CONSIDERATIONS TO REMEMBER
================================

Other ECG aspects were briefly discussed in the last consensus paper and deserve a comment in this review:

1\) The concept of Brugada phenocopy has been recently introduced \[[@R27]-[@R29]\], and refers to an ECG pattern with Br P morphology that disappears after resolution of its precipitants. Patients with Brugada phenocopy must undergo a sodium blocker pharmacological provocation test and genetic testing in order to rule out true BrS. The latter is desirable but not mandatory, as genetic testing is only positive in 20-25% of true BrS. For detailed information on Brugada Phenocopies, please visit www.brugadaphenocopy.com

2\) The new consensus document also describes certain technical details of ECG acquisition which can affect the recording. Improper use of the high-pass filter can distort the ST-segment and final portion of the T-wave, producing a Brugada phenocopy (Fig. **[5](#F5){ref-type="fig"}**) \[[@R28]-[@R29]\].

3\) As in the previous consensus documents, changes produced by non-standard placement of electrodes were discussed, including the utility of high precordial lead placement to properly diagnose BrS (Fig. **[6](#F6){ref-type="fig"}**). A recent study \[[@R30]\] using MRI established that the exact location of the electrodes on the right ventricle outflow tract correlated with the most profound Br P changes. The authors indicate that the outflow tract is better recorded at the third intercostal space in the sternal and left parasternal positions.

CONCLUSION
==========

This manuscript reviews the new tools developed to help health care providers in the differential diagnosis of BrS. The ECG remains the most essential diagnostic tool to suspect this infrequent but devastating condition.
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![(A) The high take-off (highest point) of QRS-ST is 2mm above the isoelectric line in most cases. (B) ST-segment morphology, as in previous consensus documents, is coved or concave, but (C) may occasionally be rectilinear. (D) ST-segment morphology shows progressive decline, so the high take-off of the QRS-ST is always higher than 40 ms later and this in turn is higher than after 80 ms.](CCR-10-175_F1){#F1}

![(A) The J point may coincide with the highest point of the QRS-ST. (B) Postema found that the J point may appear after the highest point of the QRS-ST.](CCR-10-175_F2){#F2}

![The α and β angles described by Chevalier for RBBB and BrS.](CCR-10-175_F3){#F3}

![The base of the triangle longer than 4 mm in BrS is also useful to distinguish between the two BrS and healthy athletes.](CCR-10-175_F4){#F4}

![(**A**) The ECG pattern of Pectus excavatum (22) depicting a negative P-wave in lead V1 (electrodes in adequate position). The r\'-wave in lead V1 is narrow, followed by a slight ST-segment elevation. (**B**) In ARVD, the ECG pattern is quite different from that of BrS. The presence of an epsilon wave (arrow), atypical RBBB and negative T-waves beyond lead V3 helps in distinguishing between these two entities. (**C**) The ECG of patients with early repolarization usually presents J point and ST-segment elevation in the middle and left precordial leads. However, if leads V1-V2 electrodes are placed in a non-standard position (2^nd^ intercostal space), rSr' morphology is observed.](CCR-10-175_F5){#F5}

![Leads V1-V2 recordings performed with (A) standard 0.05 Hz filter and (B) non-standard filter (0.5Hz), showing how the use of a non-standard filter distorts the ST-segment producing a Brugada phenocopy. (C) On superimposing the two images, the degree of distortion is clearly seen.](CCR-10-175_F6){#F6}
